Synthetic ion-exchange resins have been widely used owing to their high exchange capacity and selectivity. However, they do not fully meet the requirements of various production processes. Certain inorganic substances also possess ion-exchange properties, in particular natural aluminosilicates, which have a developed porosity and a considerable density. Their exchange capacity is lower than that of organopolymeric ion-exchange resins. Therefore, the combination of the valuable properties of these materials is an important practical problem. One method of solving it is to graft polymers containing ionogenic groups to the surface of aluminosilicates [1] [2] [3] . The simplest and most commonly used method is graft polymerisation in solution [2] [3] [4] . The possibility of modifying different mineral compounds by the polymerisation of monomers presorbed on them had been shown even in early studies [2, 3, 5] . However, the ion-exchange and acidic-basic properties of products have hardly been studied.
The aim of the present work was to synthesise an organomineral cation-exchange resin by the chemical grafting of polyacrylic acid to the surface of bentonite and to study its properties.
Bentonite from the Monrak fi eld (in Kazakhstan), the main rock-forming mineral of which is montmorillonite, was activated with 20% H 2 SO 4 during heating for 6 h in a water bath (S = 265 m 2 /g). Acrylic acid was vacuum distilled at boiling temperature 64°/45 mm; ρ n 20 0.9802; n d 25 1.5439.
Bentonite treated with a benzoyl peroxide (BP) solution as the initiator and dried in vacuum to constant weight was placed in a reaction fl ask, an aqueous solution of monomer was added, and it was blown with inert gas.
The reaction system was heated at a temperature of 65-70°C during mixing. The product formed was washed to remove the monomer, and the homopolymer was extracted with water. The end of extraction was judged from the refractive index of water. After polymerisation, the product, dried in vacuum at 40°C to constant weight, was analysed to determine its carbon content. From the results of elemental analysis, the amount of non-extracted polymer Q (%) was determined.
The IR spectra of specimens were recorded on a UR-20 spectrophotometer (in preforms) with KBr in the region 400-4000 cm -1 .
The polymer chosen for grafting, which was to determine the sorption capacity of the specimens obtained, was polyacrylic acid. This was due to the fact that the initial monomer itself contained an ionogenic carboxyl group, which made further polymer-like transformation of the modifi ed substrate unnecessary.
In treatment of the surface of bentonite with an initiator, the latter is introduced into the structure of the mineral and retains its capacity to initiate the process. Acid activation of the mineral raises its specifi c surface and porosity, and, as a result of this, a more favourable arrangement of active centres for interaction of the reacting substances is created on the surface of the modifi ed specimens.
In the polymerisation of acrylic acid on the initiatortreated surface, a strong bond of the polymer with the surface is formed, and grafting takes place. Under the conditions of the experiments conducted, the surface of the bentonite is covered with water and is not a polymerisation catalyst. 
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With modifi cation of bentonite under the proposed conditions there is an increase in the free-fl owing properties of the products, and the degree of dispersion of the mineral increases (d ≈ 0.1 mm). Extraction data showed that a certain part of the polymer is not removed with the solvent, which gives grounds for assuming that the polymer is being grafted on the mineral surface. Under the adopted polymerisation conditions, products with different contents of polymer grafted to the mineral, in terms of the weight of the product, were obtained. In the course of a single process, both polymerisation of the monomer in the presence of fi ller and chemical modifi cation of the fi ller surface occur.
The main factors affecting the polymerisation process on the surface of the mineral support are the monomer and initiator concentrations. With increase in the content of acrylic acid in the solution from 10 to 50% (Table 1) , the amount of graft polymer increases little, since at high monomer concentrations and in pure monomer it is the process of homopolymerisation that chiefl y occurs.
The amount of initiator used has an effective infl uence on the grafting process. With increase in the amount of initiator from 0.1 to 0.4%, i.e. within the range of concentrations normally used in the practice of radical polymerisation of vinyl monomers, the amount of graft polymer increases to 13% ( Table 1) . Further increase in the content of the polymer used leads to a reduction in the yield of fi nal product, which is probably due to diffi culties arising in the adsorption of monomer on a surface containing excess initiator.
The results of studying the duration of grafting of the monomer to bentonite indicate ( Table 1 ) that, over the fi rst 30 min, the process is governed by the adsorption of monomer on the surface, and in the time interval prescribed there is a negligible increase in the amount of graft polymer. The most acceptable results were obtained within 60 min, when the effectiveness of the process reaches its maximum values.
The formation of a chemical bond of the polymer with the mineral support is borne out by data of IR spectroscopy of specimens subjected to extraction from the homopolymer (Figure 1) . In the spectra of these products, along with the absorption bands characteristic of mineral compounds, there are absorption bands of graft polymer. Its formation on the surface of montmorillonite is accompanied with displacement of all characteristic absorption bands into the high-frequency region: 1052-1096, 790-810, 480-495, and 520-550 cm -1 . Stretching vibrations of the carbonyl groups in the spectrum of the mineral modifi ed with polyacrylic acid are observed at 1724 cm -1 . The absorption band characteristic of deformation vibrations of water molecules (1632 cm -1 ) is pronounced in the spectrum of modifi ed bentonite. The region at 1420-1480 cm -1 corresponds to symmetrical stretching vibrations of the methylene groups.
The obtained modified bentonite containing chemically combined polyacrylic acid on its surface exhibits the properties of a weakly acidic cation-exchange resin which, as in the case of the polymer analogues, is characterised by the dissociation constant K of the corresponding acidity index pK. Calculation of these parameters makes it possible to solve practical probems related to using weakly acidic cation-exchange resins under different pH conditions. It is known that carboxyl cation-exchange resins possess weak acidic properties, and in solutions with pH 3 and lower they are practically in non-dissociated form. To investigate the acidic properties of the cationexchange resin, a graphic method was used for solving the Henderson-Hasselbach equation:
where α is the degree of dissociation of active groups of the ion-exchange resin, and m is an empirical coeffi cient of interlinkage interaction of the polymer chain. The results obtained are presented in Table 2 and in Figures 2 and 3 . Table 2 . Calculation of ionisation constants of cation-exchange resin (SEC = 7.5 mg-equ/g) An analysis of the potentiometric titration curve (Figure 2) indicates that the investigated organomineral cationexchange resin possesses a lower acidic strength than known resins [6] . Its pK amounts to 7.6.
The high exchange capacity and increased selectivity to many heavy metal ions of the carboxyl cation-exchange resins result in their wide application. Preliminary investigations showed that the cation-exchange resin studied can be used for group extraction of non-ferrous metal ions or for their sorption from individual solutions containing salts of the corresponding metals.
As a result of the conducted investigations, an organomineral cation-exchange resin has been produced by the grafting of acrylic acid to bentonite, and its ion-exchange properties have been investigated. Thus, the polymerisation modifi cation of minerals is the most universal solution to the problem of purposeful change in the surface properties of mineral dispersed materials, enabling them to be used as sorbents and fi llers.
